Abstract: Solid Oxide Fuel Cell (SOFC) systems operating with methane usually are equipped with an external reformer to produce syngas. The conventional applied technology is steam methane reforming. Recent studies, instead, are presenting dry reforming as potential alternative. Advantages come from the substitution of steam with CO 2 to be handled in the system, representing a potential strategy of CO 2 reuse. This study compares, the performance of a SOFC short stack operating with dry reforming and with steam reforming mixtures respectively. Results show that higher performances can be obtained under same operating conditions, due to the high concentration of syngas (that has low content of inert species) produced via dry reforming. The analysis of different dry reforming concentrations shows that the amount of methane seems to be more relevant, in terms of voltage performances, than high hydrogen concentration. Among tested dry reforming compositions, the most performing exhibits an improvement of at least 5% in produced voltage in the range 150-375 mA cm −2 with respect to mixture produced by steam reforming (S/C ratio of 2.5). It was also proved that this performance enhancement does not imply greater thermal stresses, since stack temperature slightly reduces and lower temperature variations arise at anode and cathode when operating current varies.
Introduction
One of the potential path to increase the efficiency of the energy system is the deployment of distributed production of energy with particular attention to high efficient cogeneration systems. In the range of micro systems (<100 kW) the most promising technology is the Solid Oxide Fuel Cell (SOFC) due to the high conversion efficiency and flexibility towards fuel composition [1] . SOFC systems integrate a high temperature fuel processing unit. To optimize temperature equilibrium and control, the SOFC stack and the fuel processor are integrated in a so called hot box where fuel is introduced and off gases are exiting the unit. Heat recovery is optimized inside the hotbox. Natural gas is transformed in the system into a mixture of hydrogen and carbon monoxide (i.e., syngas) before entering the SOFC stack. According to the conventional steam methane reforming (SMR) technology, steam is mixed with methane so that hydrogen is recovered from both species according to the following reaction (1):
The product of the reaction is a mixture of hydrogen and carbon monoxide with higher concentration of the first compound. Thermodynamic conditions and system peculiarities are main cause for composition variation, with a predominant effect produced by steam content in the reactants. The increase in the steam to carbon ratio (S/C) moves the reaction to the products but, at the same time, increases the dilution of active species, H 2 and CO, of the produced syngas into unreacted steam. An advancement of SMR process is represented by Sorption-Enhanced Steam Methane Reforming (SE-SMR), already investigated by the authors at both material development and process optimization levels [2] [3] [4] . This technique, in the frame of pre-combustion CCS technologies, consists in the in-situ adsorption of the CO 2 produced during a steam reforming reaction by means of regenerable adsorbents. Consequently, reaction thermodynamic limits are shifted and methane conversion increases at same operating temperature; conversely thermal energy, also at high temperature (up to 850-900 • C) according to the sorbent material typology, is needed for the sorbent regeneration phase. An alternative interesting reaction is dry reforming of methane (DRM). According to Equation (2) methane reacts with carbon dioxide, under a 1:1 molar ratio, to produce an equimolar hydrogen and carbon monoxide mixture as syngas. 
Dry reforming is an extremely interesting reaction from the environmental point of view, since it allows the conversion of captured CO 2 (e.g., from fossil CO 2 sources), thus constituting a carbon capture and utilization technology (CCU), in a hydrogen-rich gas under high conversion rates (according to catalyst performance) [5] [6] [7] . With regards to the CO 2 bio-source, DRM can be considered as implementation process of biogas, that is already a mixture of methane and carbon dioxide, notwithstanding any upgrading process [8, 9] . With respect to other reforming processes, as steam reforming coupled to CO-shift or partial oxidation, DRM provides a higher concentration of active species in the produced syngas and avoids the use of distilled water or oxygen/air, necessary for steam reforming and partial oxidation respectively. Thus, in a Circular Economy view, it contributes to resources preservation as well as the valorization of CO 2 . Conversely, DRM is highly endothermic, but such a penalty can be overcome in case waste heat is made available by upstream processes, as possible in the integration in energy systems (as the application here investigated) and in particular processes of carbon-intensive industry (e.g., steel) where hydrogen is needed. Despite described potentialities, the development and commercialization of dry reforming technology is slowed mainly due to critical issues on catalysts, such as sintering and deactivation, caused by carbon deposition. In steam reforming process, such risk is reduced through the introduction of steam. Numerous metals such as Ni, Co and noble metals have been used as activator of DRM reaction and literature reports achieved results and open challenges [2, 5, 10, 11] . Thermodynamic studies [12] [13] [14] indicate as best operating condition for the reaction high temperature (up to 900-1000 • C) and low pressure (1 bar). In particular, high pressure enhances both carbon and steam production. Increase of CO 2 has a positive effect on methane conversion with drawback on carbon dioxide one. Peculiarities of DRM are extremely interesting if combined with SOFC technology. Compared to low temperature fuel cells, SOFC can operate directly with syngas and no upgrade of the fuel is required. In addition, during operation SOFC produces high temperature heat that can be used to supply thermal energy to the DRM reactor. Those aspects can be found also in the state of art of SOFC system that integrates external steam methane reforming, but DRM technology has the additional advantage of higher system efficiencies and no use of steam with a significate simplification of the process and, consequently, of the system. For the case of DRM coupling to SOFC, here investigated, the system analysis previously performed by the authors [15] certifies the advantage of using dry reforming compared to steam reforming technology in SOFC systems. The new presented design, based on a two stacks integration strategy with partial recirculation of off anode exhausts from one stack into the DRM reactor, achieves 65% efficiency, 6.4 percentage points higher than equivalent system based on steam reforming reactor. Also the thermal integration of DRM reactor and SOFC stack is provided. Specifically, aiming to allow the recovery of waste heat, a temperature of the dry reforming process in the 700-750 • C range, so lower than conventional operating values, is imposed. It implies the development of customized catalysts to face coking issues, addressed also by the authors in a separate study under review. In DRM coupling to SOFC, the produced syngas directly feeds the stack due to the high operating temperatures and the presence of catalyst (Ni) at the SOFC anode side. It allows CO to be converted in hydrogen through shift reaction (3).
Peculiarities of the reactions have a relevant effect on system design. Specifically, the recirculation of off gasses requires a separation process that involves water in steam reforming configuration and carbon dioxide in dry reforming one. It is important to highlight that stack off gasses are constituted by carbon dioxide, steam and, in minor part, unreacted hydrogen. An important advantage of dry reforming, compared to steam reforming, is that once steam is separated from system off gasses, usually thanks to condensation, both hydrogen and carbon dioxide can be recirculated obtaining an additional advantage at system level. In particular, carbon dioxide is a reactant for the dry reformer and recirculation plays an important role in reactor equilibrium. The integration of DRM in SOFC system is reported in literature also considering integrated SOFC-gas turbine power system [5, 6] . In particular, Wu et al. [5] implemented recirculation of anodic off-gasses into a dry reforming reactor, achieving a total power efficiency of 52.51% and an increase of CO 2 concentration in plant off gasses. Kushi [7] analyzed, by means of numerical study, an integrated hotbox containing dry reforming reactor, SOFC stack and combustor. The calculations focus on thermal equilibrium and show how same operating temperature of steam reforming could be maintained also in dry reforming design. Literature reports also few experimental studies on the operation of SOFC with dry reforming mixtures. In general, main issue of this technology is degradation caused by carbon deposition [8] [9] [10] [11] [12] on SOFC anode. Therefore, the optimization of DRM operating conditions has to be investigated also in consideration of the effect of reformate composition on SOFC degradation. The catalytic activity of SOFC anode for dry reforming reaction was assessed in [13] , where experimental results identify an optimal temperature window above 620 • C for methane conversion. In [14] , both steam and dry reforming compositions were studied in a single cell planar SOFC operating at 750 • C. Despite higher voltage obtained for steam reforming composition, dry reforming mixture achieved higher fuel utilization. In the same study, a short durability study demonstrates how internal dry reforming, already addressed by Cordigliano and Fragiacomo [16, 17] and Zhu et al. [18] in case of biogas and methane feeding, is disadvantageous compared to external process. Durability studies of SOFC cell operating in dry reforming configuration are reported also in Papadam et al. [19] were stable conditions are reported for both low (650 • C) and high (850 • C) operating temperature over more than 200 h. Finally, in our previous study [20] a performance assessment of dry reforming composition was tested in a SOFC short stack to support strategies for the integration of an external dry reforming reactor in a SOFC cogeneration system. The present study, focusing the attention on the stack, presents, for the first time, an experimental comparison between SOFC operation when fed with steam reforming and dry reforming mixtures. The use of reformate gas produced via dry reforming was demonstrated to be a more efficient and cleaner option. Different compositions were tested on a short stack simulating syngas produced by steam and dry reforming. Experimental results show how dry reforming compositions are more efficient than steam reforming ones. Comparing equivalent gas mixtures in terms of chemical inputs (same number of equivalent hydrogen moles as defined in the following according to Equation (5)), the dry reforming ones allowed an increase in SOFC operating voltages up to 4.9%, if compared to steam reforming compositions. With the aim of supporting dry reforming SOFC design, the study focuses on the thermal equilibrium of the system highlighting additional advantages in terms of thermal stability and integration potentialities. Specifically, dry reforming compositions produce lower temperature variations mitigating thermal shocks to stack materials.
Results and Discussion
Details on experimental test campaign and SOFC stack design are reported in following paragraph. Results in terms of cell voltage as function of current density are reported in Figure 1 . Cell voltage is calculated as average among the six cells of the stack. Voltage value is averaged also over time.
In details, each reported value is the average calculated in a period of five minutes sampled at 1 Hz. Such time interval is taken at the end of the one hour test. Such approach offers reliable values calculated over a wide range of samples. The calculated distribution of sampled values, in fact, is below 0.2% for voltages and below 0.01% for temperatures. Error bar could not be reported in all the graphs. As expected, all curves show a decrease in voltage when current increases due to polarization losses. Steam reforming compositions have lower values if compared with dry reforming ones, with higher value of the curve at S/C = 2 with respect to the one at S/C = 2.5. The role of steam concentration seems dominant reducing voltage values even if hydrogen concentration reaches the highest value for these compositions. Lower performances of SMR are related to the dilution of the active species, H 2 and CO, into diluents such as CO 2 and H 2 O. Moreover compared to compositions A1 and A3 with similar amount of diluent (see Table 1 ) the DRM compositions have higher concentration of CH 4 in the active species. Methane gives a higher contribution to the reaction with a potential contribution equivalent to 4 hydrogen (see H 2eq definition in following paragraph). Methane contribution in the DRM compensate the dilution concentration with a final result of higher performances of all DRM mixture compared to SMR ones. Table 1 ) the DRM compositions have higher concentration of CH4 in the active species. Methane gives a higher contribution to the reaction with a potential contribution equivalent to 4 hydrogen (see H2eq definition in following paragraph). Methane contribution in the DRM compensate the dilution concentration with a final result of higher performances of all DRM mixture compared to SMR ones. Regarding dry reforming compositions, A1 is the best performing composition, A3 and B1 have very similar values, while B2 is the less performing. Compared to the other compositions, A1 has higher amount of methane while the level of concentration of active species is like to A3. If we compare A3 with B1 they have very different DF values but, again, comparable amounts of methane concentration, lower than A1 but higher than B2. Methane concentration, therefore, seems a relevant parameter to evaluate composition performances. We can also extend such consideration to steam reforming compositions where methane concentrations are again coherent with the previous assumption. In addition, it is interesting to analyze also the voltage variation as function of current density. By applying linear regression to these values, the slope of each voltage curve was calculated. Regarding dry reforming compositions, A1 is the best performing composition, A3 and B1 have very similar values, while B2 is the less performing. Compared to the other compositions, A1 has higher amount of methane while the level of concentration of active species is like to A3. If we compare A3 with B1 they have very different DF values but, again, comparable amounts of methane concentration, lower than A1 but higher than B2. Methane concentration, therefore, seems a relevant parameter to evaluate composition performances. We can also extend such consideration to steam reforming compositions where methane concentrations are again coherent with the previous assumption. In addition, it is interesting to analyze also the voltage variation as function of current density. By applying linear regression to these values, the slope of each voltage curve was calculated. It can be defined, as absolute value, as the Area Specific Resistance (ASR) of the cells in the stack and permits to evaluate the effect of composition on the polarization losses. Results are reported in Figure 2 . It is interesting to note that we have a different indication compared to voltage values. Dry reforming compositions, in fact, have higher ASR values, i.e., higher losses, if compared to steam reforming ones, even if the differences are minimal. A possible explanation, already discussed elsewhere [21] , may come from a positive effect on ASR of total gas flow entering the anode, as reported in Figure 3 . The increase in gas flows has a general positive effect mainly related to the reduction of diffusion losses under polarization conditions. For what above, we can conclude that dry reforming compositions provide enhanced performance in terms of produced power density, due to an increase in Open Circuit Voltage (OCV) proportional to the methane concentration in the feeding mixtures. [21] , may come from a positive effect on ASR of total gas flow entering the anode, as reported in Figure 3 . The increase in gas flows has a general positive effect mainly related to the reduction of diffusion losses under polarization conditions. For what above, we can conclude that dry reforming compositions provide enhanced performance in terms of produced power density, due to an increase in Open Circuit Voltage (OCV) proportional to the methane concentration in the feeding mixtures. [21] , may come from a positive effect on ASR of total gas flow entering the anode, as reported in Figure 3 . The increase in gas flows has a general positive effect mainly related to the reduction of diffusion losses under polarization conditions. For what above, we can conclude that dry reforming compositions provide enhanced performance in terms of produced power density, due to an increase in Open Circuit Voltage (OCV) proportional to the methane concentration in the feeding mixtures. 
where V s is stack voltage, I is total current, m and LHV are mass flow and low heating value of each fuel gas. Note that the curves have not linear behaviors, like voltages, because the tests are designed with the same H 2eq and not same inlet energy in terms of LHV. Considering the efficiency equation, all curves have same current but different voltage values and different inlet energy amounts. Composition A1 provides also the highest efficiency.
With regards to the short-stack thermal behavior, temperature trends measured at cathode and anode outlet are depicted respectively in Figures 5 and 6 . Cathodic temperature is related mainly to air flow and, therefore, current density: air flow is the same for all compositions. This means that the variation is mainly related to the power losses during operation. With the increase of current density there is an increase in temperature and, even if utilization of oxidant is very low, air variation does not completely compensate the internal thermal losses. From minimum to maximum current density there is an increase of 10 • C in temperature. The effect of composition is very low and only A1 and B2 mixtures exhibit a difference coherently with the voltage trends. With regards to the short-stack thermal behavior, temperature trends measured at cathode and anode outlet are depicted respectively in Figures 5 and 6 . Cathodic temperature is related mainly to air flow and, therefore, current density: air flow is the same for all compositions. This means that the variation is mainly related to the power losses during operation. With the increase of current density there is an increase in temperature and, even if utilization of oxidant is very low, air variation does not completely compensate the internal thermal losses. From minimum to maximum current density there is an increase of 10 °C in temperature. The effect of composition is very low and only A1 and B2 mixtures exhibit a difference coherently with the voltage trends. With regards to the short-stack thermal behavior, temperature trends measured at cathode and anode outlet are depicted respectively in Figures 5 and 6 . Cathodic temperature is related mainly to air flow and, therefore, current density: air flow is the same for all compositions. This means that the variation is mainly related to the power losses during operation. With the increase of current density there is an increase in temperature and, even if utilization of oxidant is very low, air variation does not completely compensate the internal thermal losses. From minimum to maximum current density there is an increase of 10 °C in temperature. The effect of composition is very low and only A1 and B2 mixtures exhibit a difference coherently with the voltage trends. For what concerns anodic outlet, the variation of temperature among compositions is mainly related to anodic inlet flow rate, its composition and, consequently, the occurred internal reactions.
The concentration of methane is the main factor. Due to the presence of nickel, methane reacts in the anode following both steam and dry reforming reactions, which are highly endothermic and reduce gas temperature. For all compositions, the global result consists in a temperature increase with current; it is due to the dominant role played by heat produced by polarization losses compared to the chemical reactions contribution. Due to chemical contribution to the equilibrium, curves reported in Figure 6 are not linear due to the dominant chemical contribution at low current density.
After SOFC operation with each specific mixture, a polarization curve with reference composition was performed as indicated in section "Materials and Methods". These additional tests aim to evaluate the effect of the dry reforming compositions on the materials before and after each test. For what concerns anodic outlet, the variation of temperature among compositions is mainly related to anodic inlet flow rate, its composition and, consequently, the occurred internal reactions. The concentration of methane is the main factor. Due to the presence of nickel, methane reacts in the anode following both steam and dry reforming reactions, which are highly endothermic and reduce gas temperature. For all compositions, the global result consists in a temperature increase with current; it is due to the dominant role played by heat produced by polarization losses compared to the chemical reactions contribution. Due to chemical contribution to the equilibrium, curves reported in Figure 6 are not linear due to the dominant chemical contribution at low current density.
After SOFC operation with each specific mixture, a polarization curve with reference composition was performed as indicated in section "Materials and Methods". These additional tests aim to evaluate the effect of the dry reforming compositions on the materials before and after each test. Figure 7 For all reported polarization the variation in term of voltage is very low, smaller than 2%. It isn't possible to identify a linear behavior, indicating an increase in internal resistance, but it is important to notice that absolute values are higher for the last tested concentration. This means that for sure there was no fast degradation related to the tested compositions and that all the considerations on previous results are consistent and not caused by previous used mixtures. For all reported polarization the variation in term of voltage is very low, smaller than 2%. It isn't possible to identify a linear behavior, indicating an increase in internal resistance, but it is important to notice that absolute values are higher for the last tested concentration. This means that for sure there was no fast degradation related to the tested compositions and that all the considerations on previous results are consistent and not caused by previous used mixtures.
Materials and Methods
The experimental runs were performed in a Solid Oxide Fuel Cell short stack supplied by SOLIDPower. The stack is composed of six planar single cells of 80 cm 2 of active area each. Standard nickel and Yttrium Stabilized Zirconia (Ni-YSZ) anode-supported cells are used, on which a barrier layer and a Lanthanum Strontium Cobalt Ferrite (LSCF) composite cathode are deposited and sintered. The stack is based on metallic cassettes, coated, low-cost ferritic alloy shaped by standard sheet metal forming processes [22] . To follow start-up specific procedure and operate a complete test planning, the stack is integrated in a test rig where temperature, gas flows and current are controlled and measured. Detailed description of the test rig can be found in literature [23, 24] . No thermocouple could be placed inside the stack, but two thermocouples are located in the furnace close to the stack. Moreover, four additional thermocouples are placed inside the pipes, specifically two in the inlets, anodic and cathodic, and two in the outlet, anodic and cathodic. Figure 8 reports the simplified scheme of the test rig, included thermocouples position. The test rig allows to feed the anode with a composition of pure gasses such as H2, CO, CO2, H2O and CH4. Thus, mixing such gasses, it is possible to reproduce outlet compositions from a dry or a steam reformer. With the purpose of comparing steam and dry process, six gas mixtures where selected, four simulating dry reforming compositions and two simulating steam reforming ones. Gas compositions are reported in Table 1 where molar concentrations of pure gasses are reported with the addition of: (i) dilution factor (DF) calculated as the sum of inert gasses, CO2 and H2O, on the total flow; (ii) molar ration between H2 and CO concentration (H2/CO). The two steam reforming compositions were obtained, with a thermodynamic model based on Gibbs equilibrium, simulating reformer operation at 700 °C; they differ for the steam to carbon ration (S/C). In detail, compositions The test rig allows to feed the anode with a composition of pure gasses such as H 2 , CO, CO 2 , H 2 O and CH 4 . Thus, mixing such gasses, it is possible to reproduce outlet compositions from a dry or a steam reformer. With the purpose of comparing steam and dry process, six gas mixtures where selected, four simulating dry reforming compositions and two simulating steam reforming ones.
Gas compositions are reported in Table 1 where molar concentrations of pure gasses are reported with the addition of: (i) dilution factor (DF) calculated as the sum of inert gasses, CO 2 and H 2 O, on the total flow; (ii) molar ration between H 2 and CO concentration (H 2 /CO). The two steam reforming compositions were obtained, with a thermodynamic model based on Gibbs equilibrium, simulating reformer operation at 700 • C; they differ for the steam to carbon ration (S/C). In detail, compositions 1 and 2 relate to S/C of 2 and 2.5 respectively. As expected, an increase in steam composition and a reduced amount of methane arise for S/C 2.5. A greater steam content entering the reformer permits a higher conversion of methane but, at the same time, a higher concentration of water in the off gasses.
Regarding the dry reforming compositions, mixtures 3 and 4 relate to a system model design deeply described in a previous study [15] . Specifically, A1 refers to a DRM reactor temperature of 809 • C and A3 to a higher temperature of 960 • C, while a constant CH 4 /CO 2 ratio of 0.6 was set according to [15, 20] at the reactor inlet. Compositions 5 and 6 where obtained from a previous experimental activity performed by the authors on dry reforming reactor deeply described elsewhere in [20] , with reactor temperatures of 700 • C and 750 • C respectively, chosen compatibly with the SOFC/DRM reactor thermal integration, and under an equimolar CH 4 -CO 2 mixture (CH 4 /CO 2 = 1) at the reactor inlet. As expected, all dry reforming compositions have a reduced amount of steam. Mixtures 3 and 4, obtained by simulation under different operating conditions, e.g., CH 4 /CO 2 < 1, have CO 2 concentrations significantly higher (with consequent high DF values). Moreover, specifically for composition 3, also higher concentration of methane and lower concentration of hydrogen are detected with respect to the other mixtures. Experimental compositions, instead, are characterized by an equilibrium between hydrogen and carbon monoxide concentrations. In all tests air was used as oxidant at the cathode. Finally, a reference anodic composition was used to evaluate any performance decrease on stack performance. Such a composition is derived from start-up procedure and is a dry mixture of hydrogen (103 Nl h −1 ) and nitrogen (69 Nl h −1 ) for the anode, while the cathode is fed with 1434 Nl h −1 of air.
The experimental planning is designed varying both current density and gas flows, to perform tests at constant utilization coefficients, i.e., the utilization of fuel, U f , and the utilization of oxidant, U ox . Utilization of fuel is defined as follows (5):
where A is the total current, N the number of cells (six in this case), F is the Faraday constant and H 2eq is defined according to Equation (6) as follows:
where H 2 , CO and CH 4 are hydrogen, carbon monoxide and methane molar flow rates respectively. Utilization of fuel is a well-known parameter used in fuel cells technology and, in this case, the definition includes also additional fuel species (CO, CH 4 ) beyond that hydrogen. Such modification is carried out considering the contribution, in terms of electrons in the electrochemical reaction, that the additional fuels species can provide through direct and indirect reactions. H 2eq is an established parameter in literature [20, 25] . Utilization of oxidant is defined as expressed by Equation (7):
where Air is the molar flow of air in the cathode. Once U f and U ox are defined it is possible to easily calculate gas compositions for a specific value of current. For each composition reported in Table 1 five constant utilization tests were designed and gas flows were calculated after selection of the constant parameters (U f = 0. To get stable results both for voltage and temperature measurements, each test condition at same current and gas flow was kept for one hour. At each composition change a polarization curve was performed under reference composition. The aim of such polarization curves is to evaluate if any degradation occurs during the test planning. Those tests allow to evaluate if the investigated composition caused any rapid degradation effect on the stack materials, improving the quality of the study. In this way, it is possible to distinguish any performance deterioration phenomena on the performances from the gas mixture effect, which is the aim of the study. Polarization curves were performed after one hour of operation at open circuit voltage conditions (OCV) under reference composition, varying current from OCV up to 34 A, with 1 A width step kept for one minute. Once maximum current was achieved, same procedure was performed in reverse mode down to OCV. All the tests, constant utilization and polarization curves, were performed maintaining the stack operating temperature at 750 • C.
Conclusions
The experimental study revealed that dry compositions can be used with higher performances in a SOFC short stack. Evidence shows that while high concentration of steam, like in steam reforming operation, strongly reduces performances, the substitution of H 2 O with CO 2 causes less decay as diluent into the gasmix. In this case, lower dilution of the active species, H 2 and CO, into diluents (such as CO 2 and H 2 O) and, for similar dilution (see mixtures A1 and A3 in Table 1 ), the higher concentration of CH 4 (which according to Equation (v) significantly impacts on H 2eq parameter) result in higher performances. This positive effect overcomes the negative impact on the ASR due to the lower total gas flows of dry reforming mixtures compared to SMR ones. It results in an improvement in produced voltage of 4.9% (with reference to REF25) in the range 150-375 mA cm −2 when the SOFC short-stack is fed with A1 composition. Moreover, higher amount of methane in the dry reforming mix permits: (i) higher efficiency over 56% at low currents with a mean increment, in the range 150-375 mA cm −2 , of 4 percentage points (corresponding to about 8%) with respect to REF25 mixture; (ii) lower temperature variation at both anode and cathode outlet from minimum to maximum operating current values, proving that the performance enhancement doesn't imply greater thermal stresses. No fast degradation effect was revealed after the tests. In the future, an endurance test will be performed to provide a complete analysis of the long-term effect on material stability, especially for what concerns carbon deposition.
